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rnMRTNATION OF AN AGENT THAT ATTENUATES TOPOTSOMERASE 1 
ACTIVITY ANn AN AGENT TH AT INHIBITS HEAT SHOCK PROTEIN 90 
FOR USE IN CHEMOTHERAPY 

The present invention relates to the treatment of medical conditions using a 
combination of chemotherapeutic agents. 

In general, when chemotherapy is used for the treatment of human cancers and 
the like, a combination of agents is employed. In the past, the reasoning behind the 
choice of which particular combinations of agents are used has been essentially a 
pragmatic decision, often based more on tolerances to toxicity rather than specific 
targets. 

Recent studies of the process of carcinogenesis, have revealed that many of 
the genetic lesions involved, cause errors in the cell division/death pathways. The 
molecular changes that result from such lesions initiate the cancer process. Due to this 
the molecules involved in such changes provide potentially highly specific targets for 
chemotherapy. Using the targets identified by this approach new therapeutic agents 
may be introduced into the clinic. However, to achieve optimal clinical benefit from 
these agents, they may too need to be used in combination with other anticancer 
drugs. Again the choice of which particular combinations of agents are used has been 
a decision based more on tolerances to toxicity rather than specific targets. 

There is also a need to develop new and improved antimicrobial agents. 
Antibiotic resistance is a growing problem and there is an increasing need to provide 
effective combination therapies. 

According to a first aspect of the present invention, there is provided a use of a 
first agent that attenuates Topoisomerase I activity and a second agent that inhibits 
Heat Shock Protein 90 activity for the manufacture of a medicament for 
contemporaneous or sequential administration in chemotherapy. 



According to a second aspect of the present invention, there is provided a 
method for conducting chemotherapy comprising contemporaneously or sequentially 
administering to a person or animal in need of said treatment a therapeutically 
effective amount of a first agent that attenuates Topoisomerase I activity and a second 
agent that inhibits Heat Shock Protein 90 activity. 

According to a third aspect of the present invention, there is provided a 
composition for use in chemotherapy comprising therapeutically effective amounts of 
a first agent that attenuates Topoisomerase I activity and a second agent that inhrbrts 
Heat Shock Protein 90 activity and a pharmaceutically acceptable vehicle. 

By "chemotherapy" we mean treatment of cells to cause a targeted cell death. 
Chemotherapy is required in cancer treatment where it is desirable to target 
transformed cells. Chemotherapy is also employed to treat infections caused by 
pathogens (e.g. bacterial, fungal or viral infections). 

Topoisomerase I (Topo I) is an enzyme that catalyzes the transport of a single 
strand of DNA through another single strand of DNA. This works to alleviate the 
topological problems encountered by intracellular DNA. Topoisomerase I removes 
the negative (and positive, in eukaryotic topoisomerase I enzymes) supercotls from 
DNA. This is an extremely important reaction that allows RNA transcription and 
DNA replication to take place. 

Topo I enzymes are monomeric and transiently break one strand of duplex 
DNA allowing for single step changes in the linking number of circular DNAs (the 
number of times on strand of DNA crosses the other). Topo I can be divided mto two 
subfamilies: Type 1 A and Type IB. 

Type IA enzymes require magnesium and a single-stranded segment of DNA; 
additionally they form a covalen. intermediate with the 5' end of the broken DNA 
strand and relax only negatively supercoiled DNA. Type IB topoisomerase I enzymes 
do not require any metal cofactors, work on double stranded DNA as well, form a 



a- t with the 3' end of the broken strand, and are able to relax both 
covalent intermediate with the J ena ui u 

positive and negative supercoils. 

Top „ I must a,so sea, the break in the DNA. This reversible breakage is 

ir—n, Tope , uses an enzyme residue (typically a tyrosme) to break 
DNA A new enzyme-DNA phosphodiester bond is formed m the process . Th 
Lien, DNA-enzyme intermediate can be readily attacked by the free end of *e 

orginal bond. 

Sconces for Topoisomerase I are known to the art. Examples of seances 
fork „„wnTopoIenzymes may be found in the following papers/gene databases: 

(a) H—Tjfjl Sci USA 85(8)3543-7; NCB1 pubmed 

(b) YeastTopol Sci USA 82(13):4374-8; NCB1 pubmed 
nucleotide LOCUS YSCTOPL ACCESSION K03077 

f^laA) 3 Mo, Bio. W 1-31; NCB! pubmed nucleotide LOCUS 
ECTOPA, ACCESSION X04475 X12873 

HumanTopo I is of considerable biomedical importance because i.isthe main 
^et of camptothecin (CPT, family of artticancer drugs. These drugs ac by 

Ztiins - **« ^ iD T0P ° ' rCaCt '°; V 2 

Sled to form obstacles to me advancement of transcription and rephcatton 

complexes mat eventually lead to DNA damage and cell death. 



Heat Shock Protein 90 (HSP90) consists of a highly conserved, 25 kDa N- 



^ domain connected ,o a highly conserved, 55 kDa C-termtnal regton bya 

T d .inker' which is variable in both length and composition among spee.es and 
■charged hnker , wmch ,s ^ 

rzititir— -_-*-.--™ 

^ involved in signal transduction, cell cycle contro, or transenptrona, 
regulation. 

Sconces for HSP90 are also known to the art. Examples of known HSP90 
proteins may be found in the following papers/gene databases-. 
n Human HSP90 beta: Rebbe - * Gene 1987;53(2-3):235-45; 
G^NBANK/M16660; and NCBI PubMed nucleotide LOCUS HUMHSP90 

n f usPQO from E.coli (HtpG): Nemoto et al. Eur J 
(B) A bacterial homologue of HSP90 from b P 
Biochem. 2001 Oct;268(20):5258-69; swissprot: locus HTPG_ECOL , 

• nnmherV and NCBI PubMed protein LOCUS 
PI 041 3 (protein accession number), ana 

HTPG_ECOLI 

Heat Shock proteins exert their effect under conditions of stress such as heat 
shock "1 ve, chemical and other stress situations. The biochemical jetton of 
HSP90 is catal sing the correct folding and maturation of a number of protem 
Zl Without! function of HSP90 the abnormal conformation of the partner 
proteins would target them for proteolytic degradation. 

HSP90 is known to bind to mediators of signalling pathways and other 
proteinsbutitisnot known to the art tha,HSP90 may interact withTopol. However 

the inventors have established that HSP90 and Topo I interact. 

^ inventor has found that the combined use of a first agent that attenuatea 

^admTsterea— po— ^ 



aspect of the — or set.uentia.ly. If a— ed sequentially the fir* and 
ltd agents should be therapeutically active within .he subiect ben, treated a. 



same time. 



Chemotherapy with fir* and second agents according .o the — nis 
partly useful because such therapy results in sensing * 

causes an merease m DNA damag monothe rapy. 
of proliferating cells in comparison with what is actnevao 

JLiore satisfactory therapy may he effected using lower doses than wo ^ 
ITuired in a monotherapy. This has tire advantage that die tox, side-eff^ 
I ted with high doses of chemotherapeutic agents may he 

(th an would he retired in a monotherapy) without comprising the efficacy 
treatment. 

The — is hased upon studies that have been — — 

^ets and that rational selection of combination chemotherapy may^ e h^don 
potential interacuon a. the — ^ ^ ^ . 

!«as a chemotherapy. Furthermore the comhination surprising, -represented^ 
fistic effect. Although me inventor does not ~ 

hvoothesis it is believed that disrupting the interaction between the Topo 
hypothesis, ^ dmdmg ^,,5, 

HSP90 allows the generation of more una u b 
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such efficacy because .wo targets iu a single pathway (the stress respo 
are modulated. 

i +a tv,* use of HSP90 inhibitors in 
Three papers iu the prior art coutemplate the use 

^T"-, - - (Leukemia ,00, «,, l5 0»,--«» —s 
« the iatuycin autihiotic (ge.danamycin - an Hsp 9 0 irmibitor) senstttses celfs 

(C:, Molecular Medcine 2 00 2 VoP) sSS 

inhibitors - — " — ' " ^ 

chemotherapeutic agents. 

However none of the papers contempt modulation of Topo J~ 
combined with HSP 90 inhibitors according to the p«— J- 

— ' to ^r::r to z:: b — i 

A skilled person may be motivated to try 

^ a wide variety of other chemothera peufic^ - 
combinations won* have no beneficia, or synergy -W- ^ 
tot the efficacy of the specific combtnatton of first and ^second g 
Ipresentinvenfion would have been surprising to a sKtlled person. 

Several classes of compound may be used according to the invention as the 
first agent. These compounds include: ^ 
(i) compounds that bind to Topo I and urhlblt tts actmty ( , 
Ibitors; afiosteric inhibitors, cleavable complex inhibrtors etc); 



♦ *v,„ transcription translation or expression of 

p„ mm ier « a/ (Biochimica et Biophys.ca Acta (1998) 14UU pa 
a*. For urstance, Pomnuer - * ( ^ rf ^ for TopQ j 

m disdose -n. ta.se - - * ^ ^enoe as exa.np.es of p^f,.,^, 
Such drugs are incorporated herein oy rex 

Preferred compounds may attenuate the activity of hnman Topo I. 
Tta compound may be a Topo I poison or a Topo 1 suppressor - e.g. as 
disclosed in Table 1 Pommier et al. (.supra). 

Gemcitabine is an antimetabolite that potsons Topo 1 (see Pourq 
Res 2002 Aug 8(8) p2499-2504) 

It „ preferred mat the first agent is Camptothecin (NSC 94600 and CAS 

Camptothecin has the following names and structure: 

Camptothecin 
Camptothecine (8CI) 
CAMPTOTHECIN 

^ C p3^4^6,7 1 indo,i Z ino [ l,2-h ]q ui„o,ine-3,14(4H,12H)-dione, 4-ethyM- 
hydroxy, (S)-(9CI) 

SrramptXcin^-oic acid lactone 




Another preferred first agent is Topotecan (NSC 609699) or a derivative thereof.. 
Topotecan has the following names and structure: 

Topotecan hv droxycamptothecin, HC1 salt 

9-Dimethylammomethyl-10-hy^ 14(4H,12H> dione, 

Hycamptamine 



°^A./^"v"v'> ' HC1 

v • N 



c— C" 



^ preferred first a g e„, is rrinoteean or a derivative thereof. Irinotecan has 
the following names and structure: 

Irinotecan 
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A further preferred first agent 
Camptosar (CPT-11) 



is Camptosar (CPT-1 1_ or a derivative thereof. 




Several classes of compound may be used according to the invention as the 
second agent. These compounds include: 

0) compounds that bind to HSP90 and inhibit its activity (e.g. compebbve 
inhibitors or allosteric inhibitors); 

compounds which prevent the transcription, transiabon or express.on of 
HSP90 (e.g. ribozymes or antisense DNA molecules); 

(iv) componnds which increase the rate of degradation of HSP90. 

and its derivatives (e.g. 17-Allylamino,17- 
Geldanamycin and us ut - 

M H„ 17 AAG or Macbecin II) are preferred second agents for 
demethoxygeldanamycm - 17-AAU or ma 
use according to the present invention. 

Macbecinll ^emethoxv-18,21-dideoxo-18, 21-dihydroxy- 

Geldanamycin, ^^^^f^f^^cTi 

15-methoxy-6-methyl-l 1-o-methyl-, (6S,15R> 



MACBECIN II 




-0CC0)NH 2 



)-Azabicyclo[16.3.1]docosane, geldanamycin deriv. (9CI) 



NSC 330500 

CAS Registry Number: 73341738 
Geldanamycin 




OCONH 2 

Geldanamycin 

NSC 122750 

Radieioo. may be used as a seeond agent aceording to the invention. 
Radicicol 
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Radicicol 

• vnthrfc derivative of Geldanamycin from Conforma 
PNF-101 is a semi-synthetic derivative 

It will be appreciated that agents may be developed that have a dual action in 

an adaption of the present invention which involves the use 
dual action, agent only rather than separate fust and second agents. 

fust and second agents may be further combined with other therapeutics 
: • . medical need For instance, for certain medical condmons, the 
when there ,s a mescal ne d. ^ 
inventor has found even greater therapeuhc eft 
with a mediacment which suppresses apoptos.s » non-cancerous 

a). 

, t™ 1 activity and inhibit Hsp90 may be used in 

death. These include: 

1) Cancer chemotherapy; 

2) antibacterial treatments; 

3) antifungal treatments; 

4) the treatment of AIDS/HIV; 

5) the treatment of multiple sclerosis; and 

6) the killing and inhibition of proliferation of any orgamsm. 
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When used to treat cancer, the agents ate particularly effective for — sohd 
JL such as We, caneet, sma„ cell and non-sma„ cell lung caneet, head and 
neck cancer, breast cancer, bladder cancer and malignant melanoma. 

The combined agents are also pardenlar* effective for tbe — 

which both proteins are contemporaneously or sequentially targeted. 

The inventors have found mat the combination of firs, and second agents 
1 • « of the aaents for all known clinical applicattons for the 
improves the effectiveness of the agents tor 

agents. 

When the agents are used to treat non-mammalian organisms, or to attack 
■ frrM that the agents are effective for attenuating the 
micro -or g anisms, ,t is prefe^ « *■ « ^ rf 

„, supr^rE. coli TopA) and inhibit pHtpG (abacterial equivalent of HSP 90). 

We have found that the agents are particularly useful for arresting ; the^rowth 
bacterium. 

The agents may be used to treat a number of bacterial infections in marnmals 

Ihi^tion therapyaccording,otheinvention,areindica,edinparenmese, 
Thefollowingbacteriamaybetreatedaccordingtotheinvention: 



(Reported infections - endophthaimitis, brain abscess, 

° Ste ° my ^« o*- — - CAPD peri, ° nitiS ' 

^^^^(Reported mfections - abscesses, post snrgica, infections); 
^^^.tedinf^ons.woundinfeetion.UTI.bac.e.enna, 

meningitis, septic arthritis); infections 
^ejobaejer (Reported infections - septicaerma, UTI, woun 

pericarditis, meningitis, septicaemia, pneumonia, empyema, hepatitis); 
Acrino^culum (Reported infections - pyelonephritis); 
^m^ (Reported infections - actinomycetoma, madura foot); 
. tl „„ mvc es .Reported infections - actinomycosis); 

« - endocarditis, «, wound infection, 

"(Reported infections - wonnd infection, abscesses, sepricuen^ 
nente d«nin g itis, ieecb bite infection, abator bite infectron, infections 

=1 - - — — - «* r 

sepsis); ^uic UTI osteomyelitis, 

A!£aUg e B es (Reported infections - pnenmoma, otms, U 

bacteraemia); 

Momcoccus (Reported infections - otitis media); 
Amvcolata (Please see PseudonfKardia); 

A !aH ol*o fi sis (Species associated with infection - A. ortenlahs); 
^^^Reported infections - lung abscess, append, abseeess, 

abdominal abscess); v 
■^nguillina^ (Species associated with infection - Anguillina cob ), 
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Aracrmia(Speciesassociatedwithir^ 

^rted — - septic arthritis <K « - £ 

^..i^^-* — ^ ' ,ymPhadeffl,,S ' 

wound infection); Aureobacterium spp. 

^^5^ (With the exeepuon of A. resistens, __— 

have been reelassified as members of the genus Mi £I » sm . The name A- 

^ tens which is vancomycin-—) was vaiidiy after other 

"Lined as spp. A^s^n » have been 

„„undu^^chronicotitismedia,pelvicinflammatorydisease); 

3^ Reported infections - Oroya fever and verruga j«- £ 
baciUifm^t scratch disease (B. hsr^e), bacillary angromatosts (B. bade. 

^«0,eportedinfeo,ions-wonnd infection, septicaemia, meningitis); 

reported infections - bacteremia, peritonitis, abscesses, 

^^eported infections - appends, abscesses, baeteraemia, biiiary 

^ (Species associated with infeetion - B. - organism 

. 0 t, ppn reclassified as Moraxella catarrhahs); 

^(Species associated widt re.apsing fever, Reported infections - wound 

infection, septicaemia, meningitis); 
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^cteraemia, otitis, wound infection (B. hngii, B. « E- 

j^tira (Reported infections- intestina! spirochaetosrs); 

(Reported infections - endophthairnitis, food pmsomng, 

^^L^ (Reported infections - bacteraemia, meningitis, chest 
infection); 

gl ev lffl dimgr^ (Reported infections - septicaemia); 
Brucella (Reported infections - brucellosis); 

Z^L (associated infections inchrde inns infection, bacteraemra, 
endocarditis, septic arthritis, UTI, cystic fibrosis patients); 

Bnttianxelia (Reported infections - appendicitis, wonnd mfecuon); 
Butvjivibrio (Reported infections - endophthalm.tis); 

^^hacterium (Tbis .axon bas been reclamed as Kl» 

(associated with diarrboea, bacteraemia, periodontitis 
appeS^onitis and bead and nec. infections fever, menmgoencephahti, 
rlti^ abscesses and abscess - zoonoses from — -~ 
£smis ^ SL b^ was reciassified as ^ hrita^ & 
fenneUiae,C.Evloridis were reclassified as HeUcobaeter spp); 

Sm ^^ (wonnd infection, septicaemia, abscesses, mentis, 
endo^ditiatedwititdogbites systemic infections in neutropemc patients), 

£aI a 2 b a eterium (Reported infections - endocarditis, meninges); 

CatoneUa (Reported infections - periodontitis); 

Cedecea (Reported infections - bacteraemia); 

SHI (reported cases of bacteraemia, meningitis cases of bacteraemra, 

endocarditis); 

CentiEeda (Reported infections - periodontitis); 

(Reported infections - trachoma, genita, infechon, neonata. mfectron, 

lymphogranuloma venereum); 



(associated with abortion lowing — 
^""^iTted with chest infection agent of psittacosis, a zoonos, from tad.). 

jotted infections - septicaemia, osteomyelitis, abscesses, 

jotted .nfections - —a, meningitis, abdominal 
sepsis, wound infection, line infection); 

p^seomoras (Chrysecmtonas luteals has been 

^obacter (Repotted infections - UTi, meningitis, h^olytic-uraemic 

"oninseiMSpecies associated w i,h infecdon - C» 
and abscesses diphtheria ana cuuu 

pulmonary infection, lymphadenitis phatyngitis ot diphthe„a-h k e dlness), 
Coxiella (The agent of Q fever); 
CHEm b asI e t mm. (Associated with periodontitis); 
Delftia (Reported cases of bacteraemia and endocardms); 
Dermabacter(bmin abscess, bacteraemia, wound infectmn); 
S^h, (Reported to cause cutaneous infection - zoonosts from cattle, 
sheen, goats and horses); 

SS^Sfovibris. (Reported infections - bacteraemia, liver abscess); 
Dialister (Reported infections -periodontitis); 

2^-1 a*- — - pilonidal ° yst ' rectoI ' 

infection); 



nnlosicoccus (Reported infections -bacteremia); 
Edwardsiella (Reported infections woun 

gastroe ^^^ 

Eggerthella (Reported infections - rectal abscess); 
Fhrlichia (Reported infections - Ehrlichiosis); 

^Uonea — - septicaemia, en—, abscesses, septic 



arthritis) 



^^Associated infections - bacteremia, resp-ratory tract mfechons, 

uTi -^r:;z:~ - — — — 

.neningitis, UTI, perils, osteomyelitis, wound infection); 

S££L whh UX, — ia, woond infection meningitis, 
enteric infection, haemolytic oraemic syndrome); 

g^^^ (Associated infections - — mfecUon, 

septicaemia, periodontitis); :„<■„.,;„„ UTIV 

E«(Associatedinfectio»s.septicaerma,wonndmf^on^^ 

(Species associated with infection - E. - 

aurantiacum); . , v 

Ess Ha B na(Associa.edinfections-UTI,bacteraem,a, abscess), 

Filifactor (Associated infections - gingivitis, periodonotis); 
affifi te ££SI ium (Associated infections - bacteremia, diarrhoea); 
..Hexisoia: (Associated infections . bacteremia, dtarrhoea); 

with septicaemia and — system, mfectton, 

""bacterium (Associated infections - abscesses, baeteraemia, periodontitis, 
associated with bacterial vaginosis); 



Gemefla.(Associated infections - bacteraemia, endocardnis); 
^^(Associatedinfeotions-bacte.aen.ai.UT,,— to* 
i^ssociated infections - pulmonary infection, sterna. wound sepsis, 

^"^Zl ed with Brazilian purpuric fever; associaKd wi* 
*J5£^ —» * abscesses, endocarditis; tbe agent o — td, 

— — re =— ~ 

Hafoia (Associated infections - bacteraemia 

(a — from dogs and hamsters canse of ^enteritis; 
associatedwithsepticiaemiaandproctitis; sepicaemia in a neonate; gastritis), 

(Species associated with infection - H. fili&ffllft 
Mta. (Associated infections - wonnd infection, ear abscess); 
Johnsonella (Associated infections - perodontitis); 
Kimzella (Associated infections - septic arthritis, endocarditis); 
dissociated with UTI, bacteraemia, wonnd infection, respirator, 
tract infection; rhinoscleroma); 

Kocnria(S P ecies associated with infection - ^ K. 

(Associated infections - wonnd infection, septic arthntrs); 
Knrthia (bacteraemia and endocarditis; diarrhoea); 
^^(Species associated with infection - K. 

(Associated infections - abscesses, bacUraemia endorne^ * 
endocar-d^Tinfection, UTI - reported rist factors for infection, surgery, 
malignacy, diabetes mellitus, immunodeficiency); 

Lactococcus (Associated infections - bacteraemia, endocarditis, UTI), 
— 7has been isolated fiom ora, flora of - H.V patient and fiom 

sputum of a cystic fibrosis patient); 

LeclerciaCAssociatedirfections-bac.eraemia.wonnd.nfec.ion) 

(Associated infections - legionaires' disease, Pontine fever); 
I pminorella (Associated infections - UTI); 
^^T(Associated infections - leptospirosis); 



(Associated infections - —s, bacteraemra, puhnonar, 
(*-— " - taemia ' ^ intra " Uterine 

-^STS- — - — — * intra - uttrine 

Micrococcus (Associated infections 

^MitsuokellaCSpeciesassocia^^^ . 

m§m& -^ A . fections . endometritis, chorioamniomtis - 

Mobiluncus (Associated intections 

associated with bacterial vaginosis); 

^L^C— defections 

Myroides (Associated infections - UTI, wound infection); 

(associated with tneningitis, bactetaenna, endocardrfs, 
^TL- of genital gonorrhoea, septicaemia, ophthalmia neonatorum, 

Nocardia (nocardiosis); 
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(Associated infections - mycetoma, cutaneous infection, 

^ss^T— „w— ----nr;— 
Oeskoviafassociated with meningms, pyelonephrosvs, CAT 

endophthalmitis); a «nriated with urinary 

OUgeUa (associated with UTI, septicaemra - mfecnon assocated w 

catheters); 

Orientia (Associated infections - scrub typhus); 

S t ;c„us(Associa.ed infections-septicaemia, meningitis, pneumorna) 
SSLL- infections - haeteracmia, endocarditis, wound infect.cn, 

pyococcus (PeBSjcoccus ruger has been assoc.a 
including intra-abdominal sepsis); 

Eb2jaM ^(Associa,edwithnecrotising wound 
^^Assoeiated infections -bacteraemia, wound mfectron), 
^rdssociated infections - gastroenteritis, septicaemia, menmgrbs, 

^^i^ infectious - mixed anaerobic infections at various 

-^t^r" — • — — 

^ — -f^-'tl* wound infection, 
Pyoteus (Associated infections - UTI, bacteraem , 

abscesses); 



p 5§B a 2m2n as (Reported infections - bacteraemia, U > 
abscesses, septic arthritis, conjunctivitis, endocarditis, memngitis, CAPD penton, 

coated infections - periodontal disease, wound 
Rahnella (Associated infections - UTI, septicaemia); 

^(Associated infections - bacteraemia, UTI, meninges, wound 

iDfeCti0 ^ ; (— with bacteraemi, osteomas, lung abscesses - 
infections of —compromised patients including AUX* 

gj^kettsia (Associated infections - rickettsial spotted fever, typ 
bite fever, rickettsialpox); ^ 

ggseomonas (Associated inlections 

peritonitis); 

Rothia (Associated infections - endocarditis, abscesses), 
^^(Associatedinfections-abdominalsepsis abseesses) 

Associated infections - gas—is, entenc fever, 

osteomyelitis); . -wess - infections 

Sejenomonas (Associated infections - bacteraemia, long abscess mt 
renorted to be associated with malignancy or alcohol abnse); 
^ (Associated infections - septicaemia, abseesses, bum infectmns, 

° Ste0m « (associated with cases of intra-abdominal sepsis, meningitis - 

bacteraemia); 

Shigella (Associated infections - enteric infection); 
gijnkama (Associated infections - bronchiolitis, pneumonia); 
glackia (Associated infections -periodontitis); 
SjJ j ?iBg2 b^ 
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§Ehiag2m2na5 associated infections - septicaemia, UTI, wound infections, 
CAPD peritonitis - nosocomial infections); 

S™rmum (Associated infections -rat bite fever); 

(Associated infections - Bacteremia, wound t~, 
e n docar"i^- rel ated sepsis,UT., toxic shoe* syndrome, eve tnfectton, 

° 5te0m i2— . (associated with various (most, no— infections - 



saea «(Associ,edinfections-ra,bi tt fever, «U fever) 
Zf^T (Associated infections - pharyngitis, bacteraemta, pyogemc 
■ f to fn^m g infection, septic arthritis, glomerulonephritis, memngttts, 
-Hblses, endocarditis, pharyngitis, wound infection, pneumom. 
pericarditis, CAPD, peritonitis, sinusitis, otitis, conjunct™**); 

(Associated infections - actinomycetoma); 
Suscirdvibrio (Associated infections -bacteraemta); 

^TAssociated infections - appendicitis, pentomtts, abascesses, 

osteomyelitis); . 

(Associated infections - endocarditis, eye mfectton), 

T^ella (Associated infections - bacteraemta, UTf); 
jisaerella (Associated infections - bacteraemia); 
T^bulsiella (Associated infections -diarrhoea); 

(associated with periodontal disease, pmta, gemtai lesrons, 
venereal and non-venereal endemic syphilis, yaws); 

Il2Eh e r yrna (associated with Whipple's disease); 
•ruriceUa (Associated infections - otitis, cervical abscess); 
UjeaBlasma (Associated infections - urethritis); 
V^^eoccus (Species associated with infection - V. fhwialist 
Veillonella (Associated infections - abscesses, bacteraemta); 
2^ne agent of cholera, associated with wound infection, bacteraemta, 
diarrhoea and septicemia, septicaemia, meningitis, endometntts); 



WeekseUa (associated with peritonitis and vagina! infections); 
Xanthomonas(bacteraemia); 

^T^ent of plague, associated infections - enterocolftrs, soft ttssue 
infections, mesenteric iymphadenitis, enteric infection); and 

Vfcfl, (Associated infections - bacteremia, wound mfectton). 

The combination therapy may also be used to treat ftrngal infections of a 
. • ♦ following fungi: Candida spp, 

u-^t The aaents are effective against the iollowing iuig 

ZLJu* * also » -~ — ■ — - — 
W. Cryptococcusspp, Histoplasma spp 

The inventor has also found that the combination therapy may also be used - 
.eat alber of parasitic infections of a sublet. For instance, the —on 
therapy is useful for treating malaria. 

The inventors have found mat the combination therapy is particularly useM 
♦ •„ ™ neen svstemic infections) associated 
• r a local or systemic or deep systems 

pneumonia. 

The agents may be used to treat existing medica, conditions but may also be 
nsed when prophylactic treatment is considered medically necessary. 

The agents used according to the invention may taKe a number of different 

Tagcnts should be one which is weft tolerated by the subject to whom ft ,s gtven 
and enables delivery of the agent to the target tissue. 
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„„™K P r of wavs For instance, systemic 
The agents may be used in a number ot ways, 
nitration may be required in which case the agents may be contamed ^ 
—Men, whieh may, for examp.e, be ingested orally m the form of a table, 
all or Md- Alternatively the agents may be administered by injeetton mto the 
Td slam Injections may be intravenous (boms or infiasion) or —us 
£L or irnusion, Tbe eompounds may also be administered by mnalat.cn (e.g. 
intranasally). 

Th e agents may also be incorporated witbin a slow or delayed release device 
Such devices may, for examp.e, be inserted under the skin and the compound may be 
ZZZ wl or even month, The devices may be particularly advantageous 

an agent is used whieh would normally retire fre q nent admm.stratton (e.g. at 
least daily ingestion of a tablet or daily injection). 

It is purred that second agents according to the invention are initially 

preparation of liquid medicaments. 

Tne agents may be formulated as prodrugs. Such prodrugs may be stored as 
inactive and stable medicaments which are subsequently achvated. 

It be appreciated that the amount of an agent required is determined by 
Mologica, activity and bioavailability drat in ham depends on the mode^f 
almistration attd the physicochemica, properties of me agents emp^ The 
frequency of administration will a,so be influenced by the abovemenuoned 
and particularly the half-life of the agents within the subject being treated. 

Known procedures, such as Arose conventionally employed by the 
ph armaceutica, ildustry (e.g. , - experimentation, clinical trials etc), m. be ^ 
I establish specific formulations of agents and precise therapeufc regtmes (such 
daily doses and the frequency of administration). 
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Generally, a daily dose of between 0.01pg/kg of body weigh, and l.Og/kg of 
body weight of a first agent and a second agent may be nsed for chemofiterapy 
spending npon whieh specific agents ate used. Mote preferably the darly dose of 
each agent is between O.lpg/kg of body weigh, and lOOmg/kg of body wetght. 

Generally, a daily dose of lng-lg/M> (per agent) of both a first agent and a 
second agent may be nsed for chemotherapy in hnmans - depending opon whtch 
specific agents are used. 

Purely by way of example suitable doses of first agents (e.g. Irino.ecan 
Topotecan, Camp.othecin, Gemcitabine and derivatives and analogues thereof) 
llding to the invention for treating a human cancer is .ng-lg/M* IV (dependmg 
upon the health status of the individual) whereas lpg-lg/Kg is a suitable does for use 
in animals. 

Purely by way of example suitable doses of second agents doses (for cancer 
chemotherapy or the treatment of micro organisms) according to the invention are: 
60 A suitable dose of Radicicol (or a derivative or analogue thereof) for treating a 
buman cancer is ,ng-lg/M> (depending upon the heaHh status of the individual). 

(b) AsuitabledoseofGeldanamyeinfortreatingahumaneanceris Ing-lg/M 2 . 
(C ) A suitable dose of 17-AAG for treating a human cancer is lng-lg/M J . 

For all agents it is preferred that about Ipg-lg/kg of a first or a second agent is 
used for veunary purposes. For instance about 4-25 mg/kg of Ge.danamycin may be 
used. 

Daily doses may be given as a single administration (e.g. a daily table, for oral 
consumption or as a single daily injection). Alternatively the agents used may requtre 



26 



ad— ion twice or more times during a day. A patient rece.vtng tteaunen, may 
Kafirs, dose upon waking and then a seeond dose in the evening (tf on a twc ,dose 
regime) or at 3 or 4 hourly intervals thereafter. Aftemativeiy a s.ow release dev.ce 
m ay be used to provide optimal doses to a patient without the need to admunster 
repeated doses. A preferred route of administration is by intravenous mfus.on. 
Administration may be over several hours or even days. 

A preferred means of using protein or peptide agents is to deliver such agents 
to the target tissue by means of gene therapy. For instance, gene therapy may be used 
to decrease expression of Topo I or HSP90, decrease expression of enzyme(s) 
responsible for the intracellular synthesis of Topo 1 or HSP90, increase express^ o 
a protein which promotes breakdown of Topo I or HSP90. Therefore accordmg to a 
fourth aspect of the present invention there is provided a delivery system for use m a 
gene therapy technique, said delivery system comprising: 

(i) a first DNA molecule encoding for a protein which directly or mduectly 
attenuates Topoisomerase I activity; and 

a second DNA molecule encoding for a protein which directly or indirectly 

inhibits Heat Shock Protein 90 activity; 
wherein said DNA molecules are capable of being transcribed to allow the 
expression of said proteins and thereby be effective for chemotherapy. 

The delivery systems according to the fourth aspect of the invention are highly 
suitable for achieving sustained levels of a protein which are chemotherapeuticaUy 
active over a longer period of time than is possible for most conventional therapeuuc 
regimes. The delivery system may be used to induce continuous protein express,™ 
from cells in a huge, tissue that have been transformed with the DNA molecuie. 
Therefore, even if the proteins have a very short half-life as agents » », 
therapeutically effective amounts of the proteins may be continuously expressed from 
the treated tissue. 

Furthermore, the delivery system of the invention may be used to provide the 
DNA molecules (and thereby the proteins which are active therapeutic agents) 
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without the need to use convention, pharmaceutical vehicles such as those required 
in tablets, capsules or liquids. 

The dehvery system of the present invention is such that the DNA molecules 
are capabie of being expressed (when the delivery system is administered to a patten, 
,o produce proteins mat directly or indirectly have activity for ahenuatmg Tope 
activity and inhibiting HSP90 activity. By "directly" we mean mat the product of 
gene expression per se has the required activity. By "indirectly" we mean that the 
product of gene expression undergoes or mediates (e.g. as an enzyme) at leas one 
Lther reaction to provide *r agent effective for attenuating Topo 1 acttvrty or 
inhibiting HSP90 activity. 

The DNA molecules may be contained within a suitable vector to form a 
recombinant vector. The vector may for example be a p.asmid, cosmid, virus or phage. 
Such recombinant vectors are high* useful in toe delivery systems of the mventton for 
transforming cells with the DNA molecule. 

The reeombinant vector may also further comprise a promoter or regulator to 
control expression of the gene as required. 

I, will be appreciated that toe first and second DNA molecules may be contained 
within a single vector and the expression thereof may be driven from either a single 
Promoter or individual promoters. Alternatively the delivery system may compnse first 
and second DNA molecules contained within respective first and second expresston 
vectors. 

Recombinant vectors may also include other national elements. For instance, 

the cell, in this case, elements that induce DNA replication may be » 
recombinant vector. Alternatively the recombinant vector may be designed such mat the 
vector and recombinant DNA molecule integrates into the genome of a cell. In tots case 
DNA sequences which favour targeted integration (e.g. by homologous reeombmafon) 
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.e deshable. vectors may a,so have DNA coding for genes toa, may be 

used as selectable markers to the elontog process. 

The DNA molecules may (but not necessarily) be one which becomes 

rr rzzz iti — - — - - - 

required). 

XHe delivery system may provide toe DNA mo,ecu,es to the subject witoout 
th em beto g incorporated in a vector. Por tosttmce toe ™ 

endocytotic uptake. 

The DNA molecules may be transferred to toe cells of a subject to be treated 
bv transfection infection, microinjection, cc.l fusion, protoplast fuston or balhst c 

particles liposomes containing toe DNA molecules, vtral vectors (e.g. adenov rus 
LTians of providing direct DNA uptake (e.g. endocytosis, by apphcatton of the 
DNA molecules directly to the target tissue topically or by injecuon. 



me discovery that Topo 1 and HSP90 interact has enabled toe inventor to 

:r:r— Tcr^r: 



(ii) 
(iii) 
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both proteins are — or serially targeted for new —an, 
fungal and anti bacterial agents. 

According to a fifth aspect of the present invention there is provided a method 
of screen^ a firs, and a second compound, to test whether or not said compounds 
has efficacy for use in combination as a chemotherapy, composing: 

7 exposing said compounds to Topoisomerase I and evaluatmg whether 
or not said compounds bind thereto; 

exposing said compounds to Hca, Shock Protein 90 and evaluatmg 

whether or not said compounds bind thereto; and 
seiecfingafirs, and second compound, wherein at icastonecompo^und 

binds to Topoisomerase I and a. leas, one compound bmds to Heat 
Shock Protein 90 for use in combination as a chemotherapy. 

It will be appreciated that the method according to the fifth aspect of the 
.ventilraybeiedsuchmatitisusedto.stwhedter or not a smgie compound 
ITL a Li use in chemotherapy. Therefore according to a srxth aspect of th 
7ol Z is provided a method of screening a compound, to test whemer or no 
* Z efficacy for use in chemotherapy, comprising exposing - 

said compound prevents interaction between Topo.somerase I and Heatshock 
90. 

Compounds screened according to the fifth or sixth aspects of the invention 
repre5 em clidate chemotherapeutic agent, The screening methods are ts £d 
ftre inventors relation mat interaction between Topoisomerase I and ^ 
lock Protein 90 is closeiy re.ated to undesirable eel, growth (carcmogenesrs and th 
Z , Ll be appreciated mat me pharmaceutical industry will be able to use the 
Zl according the fifth or sixth aspect of the invention to identtfy cand.date 
medicaments for further investigation as anti-cancer agents. 



A preferred technique for casing out .he methods of the fifth and six* 

r ™ — ■ - — - — "t; 

identified because no reporter signal is produced irom 
candidate. 

down assay. 

t0 the tested compounds. ° 8 P ^ carrying 

al Antimicroh Agents Chemother. .998 Apr;42(4):889-94. 

ltwillbe appreciated mat the methods according to the fifth or sixth aspects of 
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QO is likely to be carcinogenic. The method may u 

1 s ZL or not the y are safe to be usee b y the pnbUe. For instnnoe cos^ c 

^ method according to the seventh aspect 01 mc 
not they ma y - — ^2^— ^o^ee^ete,^ 

compounds. 



^ediseove^thatTopoIandHSPW^aetbas^e^^ — 
t develop a test whereby the measurement of HSP90 and Topo I protem ievels m 

^7^:^ - or expression ^ of HSP*. and 

Topoisomerase I from a sample of eells from said subject; and 
Topoisomeraselmsaidsamplere.aUvetoaeuv^express.on.evdsof 
HSP90 and Topoisomerase I from a non-caneerous sample. 

The method according to the eighth aspeet of the invention indicates that a 
cancer or from non-eaneerons tissnes ftom the snbjeet). 



m 
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Preferably a first sample is taken from a tissue which is suspected to be 
, nmnle is taken from normal tissue (i.e. non-cancerous tissue) 
cancerous and a second sample is taKen irum 

from the same subject. 

The method according «o the eighth aspect of the invention may be adapted for 
aetermining the sensitivity of a subject to a specific combination of first and se con 
" c rding to the invention (i.e. an HSP90 inhibitor and a Topo mhtb.tor, 

rmodforevainatingmesuitabifityofchemomerapentic — for adorn— 

te 'T"££-'"- - °< — onieve.sofHSP.OandTopo 

I from a sample of cells from said subject; and 
„ compa^g the ,evel of activity or expression levels of H 90 and 
Topo 1 in said sample relative to activity expresston levels of HSP90 
and Topo I from a non-cancerous sample. 

According to a ten* aspect of fire present invention there is provided an in 
me thod for monitoring the effectiveness of a chemotherapy for treatmg a 



vitro 



7 P Meeting the level of activity or expression levels of HSP90 and Topo 

I from a sample of cells from said subject; and 
„ comparing the .eve! of activity or expression levels . H ^ and 
Topo I in said sample relative to activity expresston levels of HSP90 



and Topo I from a non-cancerous sample. 



tb , — 111 « *«» «— > " "-**** 

rzzz — - — - r 

, HPTl 16n53wt was subjected to a Western 

HSP90 antibody in which protein from HCTU6p53wt w 

blot using Topo I as a probe as described in Example 1; 
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Figure 2 illustrates the results of an i—precipitation assay with a Tope I 
• £_ H rTl1fin53wt was subjected to a Western blot using 
antibody in which protein from HCT116p53wt was su j 
as a probe as described in Example 1 ; 

C 3 — «» — * ~ — ^ (1P) WeStem ^ 
ft m HCT116 extracts: (A) Irnmunoprecipitation with an anti-topotsomerase 

. non-splc binding control; and (B) an IP with anti Hsp90 ant.hod y probed wrth 
topoisomerase I antibody as described in Example 1; 

Figure 4 illnstra.es the effect of Irinotecan aione on eel! growth W 
HCTn6pl3Wi 1 d W e(WT)censand(B)HCT 11 6p53x,oc !! ontceUsasde S cnbed 

in 5 iUnstrates the effect of Geldanamycin aione on - growth in (A) 

HCT 1 ,6pr3WUdt y pe(WT,censand(B)HCTn6 P 53»cnoexon«ceUsasdesc„bed 

6 — the effect of a combined treatment of Mnotecan and 
OeldananU on ceU growth (the effect being independent of p53 statu, m^ 
HCT1.6p53Wild type <WT) cells and (B) HCTU6 p53 knoexou, ceils as descnbed 

, illustrates the growm inhibition effect of ,,gM .rinotecan ♦ 
Oeldanamyl Combination Treatment on (A) HCT1 16 p53 WT eeils and (B) P 53 

KO cells as described in Example 2; 

ecus <w " d lOOnm RD 

Fignre 8 illustrates the inhibttory effect of 0.8 pM 1K1 
CombinTn Treatment on (A) HCT1 16 p53 WT cells and (B, p53 KO cells as 

^CTu^ates growm inhibition caused by topotecWg— 
combination treatment on (A) HCT1 16 p53 WT cells and (B) P 53 KO cells as 

teOTb C 7— the results of a elonogenic assays investigating the 
Stod^lairjf pTs^MA) UtotLtes combination therapy results obtained 
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wit h 15M M IRT plus 1.25.M GA; and (B) shows results for 50pM IRT pl us ..25pM 

Figures U musses the ce.l Killing response of of HCT116 p53 KO cells 
ate treatment with (A) geldanamycin, (B) irinotecan and (O 
g eldanamycir— can in combination, respectively as described '^ampleX 

Figure ,2 shows an isobologram illustrating the eell killtng response after 
.recent wim irmotec^, geldanamycin and irinotec^ geWanarnychr in e—Uon 
on (A)HCTn6p53WTeeUsa n d(B)p53KOcens as described .nExatnp^^ 

Figures 13 il.ustrates an interaction between topoisomerase 1 and HtpG as 

E.coli extracts wherein: TE - total ceU extract, IP - protern comp ex fo« 
iuuuunoprecipitahon; (A) shows results obtained from irnmunoprectpttatton wtth - 

against Hsp90 (which recognises me bacterial emhvaUnt HtpG); and (B) shows 
ZZ obled from in^unoprecipitation with an anti Hsp90 antibody winch 
rignises Ore bacteria, eouiva.ent HtpG whilst the western blo, was probed wrth a 
topoisomerase I antibody. 
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FX AMPLE 1 

Kssssr-Ksass 

aspects of the invention descnbed herein. 
1.1 METHODS 
Established cell culture 

al Nat Med 2001 NovW ^Iswe re ma ^ ^ fa ^ $ % ^ 

Standard cell lines as above except: QAW42 DMEM 

r JK£-^^ LLT«**>* rpmi 

(Sigma), HT29 DMEM (Sigma). 

,00 mm dishes were seeded with 3 x lOj c-ta-d aUowed to adhere overnight 
Media was placed wi* buffer (0.4 mM 

(e.g. Irinotecan) for 24 hours. Cells were -vroohosphate, 0.4 mM sodium 

EDTA, 10 mM sodium fluoride, 1 >£*^™Sffi(» mM Tris HC1 pH 
or1hovanadate)and incubated or ™* 2 5 ^ C ™ fluori ] e , 0.5 mM sodium 
8.0, 425 mM NaCl 1. mM EDTA 10 mM so 0.1 % w/v SDS) 

orthovanadate, 1 % v/v igepal CA-630 ^ * Cells were ^ped on tee, 
eontaining protease inhtbuor coctoil 1 1 (Calbm on at 14j000 x g for 
sonicated for 30 seconds and eell debns removeo bation ^ 25 ^ „f 10 

30 minutes a, 4°C. Cell ^"^^tCnada Biotech) in PBS for 1 hour 
% w/v protein A sepharose CL-4B maxim um speed in a 4°C benchtop 

rotating at 4°C. Samples were spun briefly . * ™* p rf either 

centrifuge and supematants removed ' « " * ^ibodfes were added to 
topoisomerase I or anti-heat shock protem 900 ^ fa 

cell lysates and incubated at 4°C overnight. 50 ul of ^10 /„ w/vp 
PBS was added and samples allowed to P' e ^%Vc t nchmp centrifuge and 
Samples were spun briefly at maximum speed in a 4 C bene P 
supernal discarded ^—^ 2 M^Wourea, 4 % w/vW 40 
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1-D electrophoresis and immunoblotting 

Total protein exacts ^^^"^^^^ 
SDS-PAGE under reducmgcondmons. Gehv«re ^ 

blue coneentrate (S.gma) ui 20 /» v/v memanoi ^ ; human 

— ' Bl T„:St"S* 0 or "Sly antibodies again, 

bioimager (BioRad). 

1.2 RESULTS 
Protein-Protein interactions 

Protein assoeiation studies were conducted using ^rtT^S^S 

by 1 dimensional SDS-PAGE (see Fig. 1). 

• ti.n nerformed (IP with antibodies against HSP90p) and 
The counter precipitation was P^imea ir w 

corresponding proteins come down in pull down experiments. 

action between ^^^^TT^^X^ 
immunopreopnauon assays. Fig 3 1 A ustotes ^ ^ m 

S^Effi^^SSS M»£ Ove* this study demonstrates an 
interaction between topoisomerase I and Hsp90. 

Drug targe* 

combination for chemotherapy (see Example 2) 
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FX AMPLE 2 

on Topo I and a specific effect on HSP90. The combination of an HSP90 inhibitor and 
a topoisomerase I inhibitor show a synergistic effect (see below). 

2.1 METHODS 

2.1.1 Growth inhibition assay 

acid, the dye solubilised with 100 ul per well of 10 mM Tns P H 10.4 and 
A570nm using a Benchmark microplate reader (BioRaa). 

2.1.2 Clonogenic assay 

Cells were plated at a density of .000 ceUs per well in 

Drugs were used in the following concentrations for Grow* inhibition and 
Clonogenic assays: 

Geldanamycin 1-1500 nM 
Irinotecan 0.01-100uM 
Radicicol 25-350 nM 
Topotecan 12.5-800 nM 

2.1.3 Flow cytometry protocol for cell cycle analysis. 

1. Seed cells eg HCT116 +/+ or K5 62 cells in small pert ^^j*^ 
5ml of 1 x 10 6 cells/ml in appropnate medium. For H CT116+/+^ cell line use 
McCoys 5A Medium supplemented with 10% Foetal Calf Serum (FCS) and 
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Penicillin and Streptomycin. For K562 cell line use RPMI 1640 Medium 
supplemented with 10% FCS and Penicillin and Streptomycin^ 

2. Leave to attach overnight for adherent cell lines in incubator at 37 C 5/o C0 2 

3. Ct^ml of drug/control for required time course in incubator at 37^ 5% 
C0 2 atmosphere. 125nM Geldanamycin, 0.5uM Innotecan, or 125nM 
Geldanamycin and 0.5^M Irinotecan combination. 

4 After treatment, remove medium from well to a universal tube. 

5 Wash well with 500ul PBS and remove to same universal. 

52 ffi3!^S!!£2K out the weU with sotne of the tneaiun, 

from the universal. 
8. Spincellsat4°Cat2500rpmfor5mins. 

9 Remove supernatant and resuspend pellet in 500ul PBS 

10 Transfer to Falcon tube and spin at 4°C at 2500 rpm for 5 minutes 

11. Remove supernatant and add 500ul ice-cold 70% ethanol, and leave in fridge for 
2-5 minutes. 

12. Spin cells at 4°C at 2500rpm for 5 mins. 

13 Wash twice in 1 ml PBS. 

14 Add 40ul of lOOug/ml ribonuclease A for 5 mins at room temperature. 

5. Add 400,1 of 5o£g/ml propidium iodide (Sigma) and — 
16. Analyse on FACSVantage SE (Becton Dickinson using 488nm lase ^for 
excitation, and collecting fluorescence above 585nm (FL-2). Collect data using 
CellQuest Pro v4.0. Analyse data using Mod Fit LT v3.0 

* For suspension cell lines, spin cells down and resuspend at between 2-4xl0 5 

cells/ml in medium supplemented with the drug treatment required. 
** For suspension cell lines ignore steps 6 and 7. 



2.1.4 Isobolar relations 

The isobolar relations were calculated to quantify the synergistic combination of the 
two agents used according to the invention. 

The isobolar relation is calculated in the light of the fact that two drugs used in 
SmbTnat^n may produce enhanced or reduced effects. The degree of enhancement or 
SSTmeiied from the interaction index (y), defined by the isobolar relation, 
which indicates the changed potency of the combination. 

(a/A) + (b/B) = y 

Where:A = drug A alone; B = drug B alone; and a, b = combination dose to produce 
desired effect 

If Y 1 = additive; <1 = super-additive (synergistic); and >1 = sub-additive 
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2.2 RESULTS 

2.2.1 Growth inhibition assay 

Example 1 illustrates that the interaction between these two proteins represents a new 
ffi^L l£ effectiveness of modulating the two proteins m chemotherapy was 
tested using inhibitors of HSP 90 and inhibitors of Topo I in combination. 

The beneficial effects of inhibitors of HSP 90 and inhibitors of Topo I are shown in 
Figures 4-9. 

The inhibitory effects of Irinotecan alone or Geldanamycin alone on cell growth . are 
^ownin Fig 4 and Fig. 5, respectively. Moreover, the synergistic inhibitory effect of 
Mi flf Irinotecan'and Geldanamycin on cell proliferation is shown in 
Figures 6 and 7. 

Synergistic effects were also seen when Radicicol was combined with Irinotecan (see 
K when Topotecan was combined with Geldanamycm (see figure 9). 

2.2.2 Clonogenic assay 

In the clonogenic assays, cell killing, showed a similar synergistic effect when a 
combination oThSP 90 and Topo I inhibitors was used. The combination of 
SSSS^J ; Geldanamycin resulted in less colony survival than treatment with 
single drugs (Fig. 10). 

In Fig 11 the cell killing response of HCT116 P 53 cells after treatment with two 
a Jnts is shown Overall, this produced a synergistic effect and resulted in ce ki hng 
^nt^rns where 'there is little or no effect with single drug, ^« 
was found to be at least 3-5 times greater fro combination therapy tha. t for the drug 
used in isolation. The action was also found to be independent of P 53 status. 

Flow cytometry experiments indicate that greater DNA damage may be seen with 
combination therapy according to the invention. 

2.2.3 Isobolar relations 

Figure 12 shows an isobologram illustrating the cell killing res P on ^^ 

with irinotecan, geldanamycin and irinotecan/ geldanamycin m combination on (A) 

HCT1 16 P 53 WT cells and (B) P 53 KO cells as described in Example 2; and 

It will therefore be appreciated that the combination of the two agents produces a 
iSSSXf^ killing at concentrations, where there is little or no effect 
with single drugs) 
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EXAMPLE 3 

Experiments were conducted to illustrate the efficacy of the combination therapy 
according to the present invention for destroying mircroorganisms 

3.1 METHODS 

An E.coli extract was generated from a 50ml over night culture of bacteria (shaking 
culture at 37°C). The culture was harvested and resuspended in lysis buffer 0.5ml and 
sonicated to disrupt the cells, the extract was then cleared of debris by centrifugation 
at 12,000g for 15 minutes the cleared extract was then used for the 
immunoprecipitation (all these procedures were carried out at 4°C). 

Co-immunoprecipitation (IP) western blots of IPs from E.coli extracts were then 
carried out. Initially, immunoprecipitation with an anti-topoisomerase I antibody the 
western blot was probed with an anti-body against Hsp90 (which recognises the 
bacterial equivalent HtpG). This was accompanied by an IP with anti Hsp90 antibody 
(which recognises the bacterial equivalent HtpG) whose western blot was probed with 
a topoisomerase I antibody. 



3.2 RESULTS 

This example demonstrates that HSP90 and Topoisomerase I interact and influence 
microbial cell growth and susceptibility to chemotherapy. 

Figure 13 shows western blots of immunoprecipitation and counter 
immunoprecipitation probed with the complementary antibodies, demonstrating that 
the corresponding proteins come down in pull down experiments and thereby 
illustrating that Hsp90 and Topoisomerase I homologues in bacteria interact and 
influence cell growth and death. 



